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From the stand point of mathematics, defining how the number 20 forms a complete set is a problem in enumeration. From a chemistry point of view, the 20 amino acid side chains constitute a near comprehensive complete chemical template (monomer) library to build polymers with the diversity of functions indicated above. From a biology perspective, the 20 amino acids contain all the information necessary for the regulation of gene expression -involving protein-nucleic acid interactions -to cite just one crucial example.
The degeneracy arising from the (4 3 ) 64 possible codons to give 20 amino acids is a problem which is understood partly by wobble hypothesis 4 and the rule of conjugates 5 .
The issue in focus here is not degeneracy in the genetic code 6 but the nature of residues viz. the underlying chemical properties and the design principles that lead to only 20 amino acids. Conventional classifications of amino acid side chains into hydrophobic, polar and charged residues have been extremely useful in understanding some aspects of the structure and function of proteins but do not help in explaining why 20 forms a complete set of chemical templates for building proteins. Also, the rationale for their design has been beyond reach.
Treating the problem as the action of a symmetry group, we found the symmetries of an equilateral triangle to fit the description quite well. The above rules explain not only the occurrence of exactly 20 amino acids but also the chemical logic behind their design. The challenge at this stage, to ascertain that this is not a mere coincidence, is to identify the four chemical properties and the corresponding amino acids which obey the above rules (Table 1) .
One property (I) that suggests itself at once is the presence of sp 3 The sulfhydryl group in Cys and its ability to form disulfide bridges requires it to be treated as forked. Accepting that this property (IV) satisfies Rule 2, it may be noted that Since each amino acid could be represented as a four dimensional vector (last column of Table 1 ), composition rules for these vectors could be developed for mapping polypeptide chains to probe the logic of protein sequences.
A computational analysis of 159,614 protein sequences adapted from swissprot 9 was undertaken based on the chemical properties of amino acid side chains introduced above. Quite interestingly, naturally occurring protein sequences are characterized (Table   2 ) by a very high occurrence of amino acids with sp3 γ carbons and short side chains relative to randomly generated polypeptide sequences. Hydrogen bond donating side chains are heavily under-represented as also to a lesser extent the unbranched amino acid side chains. Pursuing these observations and utilizing the differences between protein sequences and random sequences (Table 2) , an algorithm has been developed to distinguish between genes coding for proteins and non-gene regions in genomic sequences 10 . An examination of 239418 DNA sequences from 331 prokaryotic genomes annotated as genes in ncbi databank 11 was undertaken. Statistics on the DNA sequences identified as genes coding for proteins based on the chemical logic are reported in Table   3 . The accuracies (prediction sensitivities >90%) attained by the chemical model are comparable to some of the popular algorithms based on sophisticated statistical and mathematical models 10, 12 . While there may be some uncertainties in genome annotation 
